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LOS Alma Uatlorml LAooracory

ADBLrao C

Atmaphorlo Crtnsprt ropreaoncs one of Lho
crl Llcmlly Impcrmnt psthkmys for tho distrlmtlmi
of plluhntm frm my 011 anala oparaclon. Our
●x~rlonoc in st.dying ●amtlrn ●nd wostorn SM1O
Fewmroaa arM op4rmtlom S.g.gosc many ~
feat.roa regarding tha ● tmspharlo dmln, but
●lso nny slgnlflamt dlfforancas. Any lSM of
●xophcrlo trmspcrc and dl~prslom an M brokon
dcmn Into mJor .Iants



lmmc%crlm

Th, dewiopent of all ●rmrgy
resourm Ilko 011 SM1O depcnda

pred~lrmtly WI economla factors

Slchtigh in the present JOttlIU wlthlII
the u. s.. ●wlromenul aon8trmlmCs
represemt a mJor factor in th~

feaaiblllty of ●xtrmoting tha resource,
the slclng of ●xtrmetl.ng md processl”g
operatloru and tha qesltn of faollltles
and -1BU1ON OonLrole. CW

●nflrotintsl faowr of great interest

1s the rtleuo of nolluUnt emlaslons to
tYn •~qhoro and their Wbaetpenc

trumporc, tranaforntlotl, and

deposition. In tho U. S., there ●re to
mJor reaccroc regims fOr oil SM1O
that differ dr-tloally in thalr
c~altl~m dlatrlhclo~m ared ●xtent
●M mr~spnerln ●m*lrGrwnt ln~ Alloh

~lsbi~ WUk b, InJ~otad. n1080
differences s-~esc tnet Uro mlr qdllty
c~r.siaeraclons mild M qutta alffcrent

for the two treas. [n this paper, *
bill caislder dlfferenaes m three

factors related to ●-apharlo

trans~rt. Thoa[ ●re:

1. *roe factars. Dlffermcos HI the

alstrlobtlw and riehiicss of tM
resobiroe lad to different De-
of ●lnlng - proo-sslng filoh will
M refleotd In the a~spharla
O81BS1OM. Relat9d m this ●re
dlffero=css in tho ■lrermlogy af
Lhe hOSt rOOk uhioh will produoe

dlfferemt bl-~rod.oca dur ins
procesalng.

mmy dlstlrlctlona bet.ewi tho
●astern ~1 =estern resource areaa ●nter
the plcttie hero. In teru of syncptlo
Patterns the western lnte~~~ln .rel
18 rnre sunceptlbla m Statloms-y
faacuree UM mlci-day p9rlMD of ‘.#ry
wak ventllmtlon. The dr~ ●t.mOphere
Pemlu vigorous Shr ram radlatiwe
moll~ ●t night and :he 104 termln
oomwrtn the larse diiIsna4 t~rature
oyolo lnu a mltl-saslar rnaeio of
laaal alraulatlans tMt tend to rewarac
fia *y m night. The eastar~ rcaaroe
mrm8 ●re Mlt!rln and prod-lnmtly
umlrd of areas tti~ m. ●lready hea~lly
burdened ulth lnckstrlal and ●nergy
-Isslons. fia .Ind fields ●re wre
Inil.enced by the rnlgracary @lr@ulaClon

Pmtcarns ●lchoqn tnere ●re mre- of

locaily generated wind fle15a ●nd. wst
~er~lnly, me klrd fleiih that my be
drive By the o.ter M...aary ca!ditlon of
Un ‘~eather Mp” patCern ●111 to
Slgmlflcantly tiuiateo by looel Pldge-
valley pact@rns.

.
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1. Fpinclpal reported 011 anal. dfl~slts of

re@uroo8. Tlw thlcbwss of the rlehosc
part of the Plc9anaa IWln and Ulnta
Basin ●IMGS lnvlt.a in sltti r~tarclng
NM wwhr~romd ● lnos Whllo tlm
shallobfar doposlw of ●utarn ●ales
wI1l probably M surfaoa-=lnad. mm
load ta qulco dlffwcnc woo
oonfifur~clms. llm Dlm9Cl~ ●rd
haullnc operatlom In an opm plt =Inc
-ould lflJ@ot ntcorlals lnw ma
scmtwacro chac -ould mc ba amenabla b
9818810n Ca=trol and *M probably ba
in th fom of flna partlotilsco mttor.

U@orgrouM ●lnw -ld of for tha

oiw-culllt~ to O1OM t.ha alsslma
roadcl~ fra air olrmlatlm.
Slnllmly. in situ rawrts would 00
wanted at spoolflo looatlao ti alr

almlolu a B, mr,cmll~ mom .

Abow grmmd rctort!ng mld Da aubJoot

to tho aau omdltl~,s in C* ●astam
- -astmn ro-ros ●om. hwvor,
●mllm *rmtloru of haul 11’q aM
haMllng XI lmd U more Pisgltlvadust
C91-mlonsIn t.ha arid 9occomm lo04t ImB
b- ●lrborm, Lhaw sr~ glffle~lt ~
oontrol so “W b9mt tact 10 la LO pr~wmt

Agltlw alssl@s by ●uoh Scopa ●s
mrvlq -w ~ t~o roads wd ralc to
M haMlad

Q

●

Tlw roaul? 1s tnat Cho wascwrn stulos

11o 1P s high sltltud~ sml-mrld roglons
*11O tho easrorn ahalos arc looatad at
lm=ar dtlc.do in tha t

T
rm t9 ●ld-

_ostorn U. S. with a-t O lnormm Of

proolpl~tlon wr )Ou and mnsidarmlo
oioudlno88.



AVER AIM MAP OF TvPC 1

AVC#AM UAP of TYPI I
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AvERAOE UA? or TYH #

Rgl_onal Soalc Trmnqmrt———

Flguro 2. CG~ olroulatlon patt~rns ovor ueatern U.S.
The *ttarns r~prasont an altltudo !OV91
characterlstio of tho hl~host torraln.

IoOll b in dltmet~r. ?1s. 3 fFa Barr

(1986) daplots thr gtnoral pro~rtlos of
tho flw rcvortill. It Is ● weak

olroulatlm with wild apmds of only ●

fow mt~rs por ●oond and am th~refora
M swmpod by vl[orous ul:id- ●noounterod

in tha wsaage of stoma SIKI fronts
during tha Ulntar blf of tho ymar, It
1s drlvcn by ● omblnntlon Of radlatlvc
balance (mlmr md outgoing lnframd)

●nd latent heat CYC1O ●SSOCiatd with

thundarst.aru ovtr Lho high gro~nd.

Hanco, tha plateau olrculstlon should

●xart Its graatcst lnfluenoo during

s~r. n’ut I,lfluonoo can Includ@ t
ooml-perslstant “uloshing” Of pollutod

alr abwt tho basins of thg

Intarmunbln area, Tha R@lPEl proJeot

(ReJlar ●t al, 1987) desc[ lbaa

●ddltlonal experimental ●vldenoo
complld on tho propartles of the

plateau circulation.

The ●astern ahals re[lonu oocupy an
area of trnnaltlon frm tha ●astel’n
great plalns to the uestarn elopes of

tha Apalaohlan noUntalnn. ma
muntalns aro both louor and covar less
ara~ th~n tha Rocklcs, but ropra.sent A

qumrnl-llnear northen~t to so~lthwast



Firm. 3. Estiniatod 850 * wind fields St ●) 0500 PtV M
b) 1700 MST dtrlved frfm tho he lght
fields described by Rolter ●nd TAng (1~),

barrlor b tha provalllng ueatarly
ulnds. The vortloal Qrosslcm of

stressllnos ovor tho rid~o of tho
A~lschima toti, m pr~to

mtlayclonlo turning m Cho nlnduard
(WOJt@rn) -id. mnd CyCllnlG turning of

the winds on th4 laemrd (omtarn) sldo,
Uarnor et al (1978) #hou this mtchmlm

to occvr under s light uostcrly forcing

flw aith ● thcrml stratlflaatlm

typlc41 of ●utlml (rig. 4). Tno flm

fra tho KontucP-IndlaM artas would M

dlvartod slgnlfloantly Lo tlw north

W+I11O tho Alaba.m-Georgia-Tannossoo ●ca

missions uould dlvort muthoaatuard
boforo turnlnc northeartuaro to flw up
Rho gencrhlly pollutd @astQrn saaboard.

Hlohl@m mlcslons Arc 1.ss lnfluanod

by tho Appalhchlms. Under moro highly

stratlfiod c-mdltlons, tha northuard

czouralono cm ba ex~ucratcd sinoa

stron~ donslty (te=poraturc)
ntrstlficatlon 8upprossss Llo flm ovar

tn~ barrlar and foroos mra flou arcmnd

Itl UArnor ●t ●l. aloo aloulato s
diurnal affcot drlvw by dsytlmc hettlng
on tha Appslschlmn uplmdn. This la
oimllar In mchmlm, -gnitudc and

depth (1-2 b) m tho plateau
01, oulatlon Idcntlfled QIrloally by
Raltcr and Tans (19~) ovor tha Rocklcs.

In a r-lstcd slmlatlon not #h.m here,
Uarnar ●t Il. shou tha Hlohl#an araa to

b, Influenced u; Imd-lsko brcaza

olroulatlons assollatcd ulth tho C’rcat
hkms.

W vsluablo trnnspwt uxyrlmantm

havt been conducted on tho reR Ions 1

s-la ovor the retlcn of eastarn shales.
In ~rtloulmr, tha CAF7C1 pro~ram,

a~nsor+d by MM!, trackd an Inert
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Flgurc h. Ulnd flcld at 8.0 ● above Cround In
s mdcl slmlatlon (Usrnar ●t ●l.,

1978) with llght synoptlo winds.

TM coct,our8 are or tarraln

clavatlon plottd at 200 c

Incrc*nts.

Lrac@r gas frrn oouthwc~tarn CMI1O ●croom

:ho mountains to tho ●ast cohst under a

varlccy of largo ornl? rncteorolo[lcal

condlt!onn. Uoth tho p~th of tha trscor

cloud and Its #pr6md Haa rensonsbly

repreaantod by modal caloulatlons ttut

took hILO McCOWlt both tha ob~taclc EM

lherml clrculmtlon fentur.o of tho

bppalachlmna.



Local Scale ‘i’ranwort

Many air quality concerns center on
the transport and dilution of’ emissions
in the first ten b twenty kilometers
from the facility. In view of the

7ariety of local terrain ●nd land use
pmtterns it la lmpcmlblo M generalize
the effects introduced by lower boundary
compllcationa. For example, the
confining effeota of valley walla may
alter the dilution and travel patterns
of pollutants. There are many
spectacular valleys in the Piceanco
8aain area of weattrn Colorado but the
western resouroe ●lso inaludes aoma flat
ground in the ❑tdst of broad basins.
Similarly, the eastern reaouroe ●rea
includca Nt.ential sites that range frcax
prairie to quite rigorous mountain
areaa.

TM mechanisms affeoting winds and
turbulence in valley-ridge terrains are
similar to thoso <riving th large scale
circulat:efia described above. Nighttime
cooling and daytime heating on sloped
aurfacea creates a lateral density
gradient that induces ●irflow down (or
up) the alopas and sub~equent
ccxnpensation by valley axial flow that
reverses frm day tonight. The DOE-
ASC~ prog-am (e.g. Whitemsn ●nd Barr,
1986) has emphasized the study of these
mechanisms and haa yielded models that
describe locally-driven valley
circulations quite well. It is of
o~)naiderable praotioa. intereat to
distinguish well-drained valleys from
the.,a~ that tend to trap ● pool of 0001
air since the latter, w:th their poor
ventilation, will have more severe
pollution ●pisodes if there is ● 100al
source of emissions within their doain.

The loMer cloudiness and generally
better radi~tlon omditiona in ths dry
western ●nvironment haa thr potential of
produoing more vigorous local valley
oirculationa than the eaat, However,
these Mind patterns have been observed
in both ●reaa.

ValleJo influenced by more vigorous
ridge top Hinds will ●xhibit ohsnneling
which tends to produce ● preponderance
of up- and down-valley wind aituationa.
The meteorologiosl oomnunity ia
●pproaching the stage where it can

preallot wind, temperature, and
turtmlenoe in isolated valley-ridge
torralns with little mre than the
topography and a general weether map aa
houndnry conditions.

A’il’iPHQERIJ TRA,!SFOtWATION~

An aative reaearoh ccnmwnity in
●boapherio cheaistry ia making
mnaidoral . progreaa toward ●

fundamental undoratandin~ of the
rcactlooe of wganio and Inorsanlo
pollutants in a background .jf natural

and man-made precursors. An excellent
review artiole by Caffney et ●l. (1987)
emphasize the rOle of natUral organio
emisaiona In the oxidation of Ilmly
cooxoonly considered pollutant.
Isopreiie, emitted by deciduous treea ia
● very reactive Precursor that ia
expected to be much more prevalent in
the eastern fo~esta than in the west.
Also, many reactions proceed at
differaat rates In an aqueous
environment than in ● strictly gaseous
domain. Although both regions have
clouds to provide this aqueoua regime,
their occurrence, duration, and spatial
extent in the east will be greater than
in the west. Another important
ingredient to the chemistry of oil shale
process emissions is the solar ultra
violet energy to drive photochemical
reactions. This ia expected M be
generally greater in the high altitudes
of the western shale region. Model
calculation show that ● clean snow-
covered ground cain nearly double the
aotinio flux by virtue of ita high
reflectance. This oould favor the
higher mountain looations in winter when
3t.9gnarit air masses combined with
vigorous photochemistry could lead to
Wms unfavorable concentrations of
secondary pollutant. The chemistry
needs to be ●ddresaed on a scenario
baais which should consider the or~anlo
and inorganlo emiasiona from shale
facilities, natural precursors, solar W
flux, moisture, and ventilation.

INSTITUTIONALFACTONS

We have discussed physical ●nd
chemical differenoea and aimilar!tiea
between the eastern and western shale
regiona. These are usefhl for studying
flmdamentals of transport ●nd
transformation. However, the pra,-tioal
aide of the problem ia constrained by
the ●tste and federal regulations
influanoed in turn by proximity to
population uentera, wilderness ●reaa ●nd
regulatory philosophy. he important
regulation ia the PSD (prevention of
significant deterioration). In the west
there la leaa industry to compete for
PSI) inorementa, but there ●re frequently
n@arby Class I ●reas whioh r~quire no
aillnificant deterioration. The ●aatern
shale region is more generally Claasaa
II and 111, but the oil shale industry
must compete for deterioration
increments. sRI Internellonal (1980)
haa ●xamined the dirfioulty of faoility
aitlng based on many flctors lnoluding
atmospheric tranaport. All thlngr
considered, they concludo that eastern

siting is more conatrail}ed than western

siting. fipre !5, taken from that

re~erenoc ahous their estimated eaae of
siting baaed on rntmospheria dlsperfion.
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Figure 5. Relative easo of faolllty sltlnt based on A~r
Quality.

CONCLUSICIW

We have raised norm quostlonm than
we have answered in this brief m~ry
-P8r, bUt hV& Of’fOr8d ● fr~rk for
Oxamlnat.lon tho contrast of
●taosphorio 185U98 ●saoclatad With
eastern and wemtern oil
development,

ahal~
The !ssues revolve around

~our~ faotora, tranaport, chaaiatry,
●nd instit.utl~l faotora. ‘rho tools
●rc Just now beoomlng ●vallablo to
quantitatively addreca the rnJor lSSUCS
by oombined modeling and ●xparlmntil
efforts. T%e lnduatry Is in ● position

to benefit Creatly frea the output Of
the researeh coexnunlty 80 that whan
largs soale develo~nt. begins, It can
proceed ratlonaIly and exploit M
optimum amount of this flreat natural
resource ulthout serloualy lmpaoting tho
environment.
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